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(57)Abstract: 

PURPOSE: To control the combustion of an internal 
combustion engine in a combustion condition where 
low NOx and combustion stability are balanced at a 
high level by calculating combustion start timing and 
combustion period based on the detected signal of a 
sensor, and controlling the ignition timing and fuel 
infection amount so that the combustion start timing 
and the combustion period meet their target. 
CONSTITUTION: This combustion controller is 
provided with a crank angle sensor 46 which detects 
the rotational angle of a crankshaft 14 in an internal 
combustion engine 2, and an in-cylinder pressure 
sensor 48 which detects the pressure of a 
combustion chamber 16 in the internal combustion 

engine 2. A control part 50 calculates combustion start timing and combustion period 
based on the detected signals of the crank angle sensor 46 and the in-cylinder pressure 
sensor 48, and controls ignition timing and fuel injection amount so that the combustion 
start timing and the combustion period meet their targets respectively. It is thus possible to 
control the combustion of an internal combustion engine in a combustion condition where 
low NOx and combustion stability are balanced at a high level. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The combustion state-control equipment of the internal combustion engine characterized 
by to have formed the crank-angle sensor which detects the angle of rotation of an internal 
combustion engine's crankshaft, to have formed the cylinder internal-pressure sensor which detects 
the pressure of said internal combustion engine's combustion chamber, and to establish the control 
means which controls ignition timing and fuel oil consumption so that a combustion initiation stage 
and a combustion period compute, respectively based on the detecting signal of said crank-angle 
sensor and a cylinder internal-pressure sensor and these combustion initiation stage and a 
combustion period turn into a target combustion initiation stage and a target combustion period, 
respectively. 

[Claim 2] The combustion state-control equipment of the internal combustion engine which forms 
the crank-angle sensor which detects the angle of rotation of an internal combustion engine ! s 
crankshaft, forms the cylinder internal-pressure sensor which detects the pressure of said internal 
combustion engine's combustion chamber, and is characterized by to establish the control means 
which controls ignition timing and fuel oil consumption so that each [ at least / at the 2 times ] 
combustion rate in a compression stroke is computed, respectively and each [ these ] combustion rate 
turns into a target combustion rate, respectively based on the detecting signal of said crank-angle 
sensor and a cylinder internal-pressure sensor. 

[Claim 3] Said control means is combustion state control equipment of the internal combustion 
engine according to claim 1 or 2 which is the control means which controls ignition timing and fuel 
oil consumption of the internal combustion engine to which the gaseous mixture of a thin air-fuel 
ratio is supplied. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an internal combustion engine's combustion state 
control equipment which is applied to an internal combustion engine's combustion state control 
equipment, especially carries out direct detection of an internal combustion engine's combustion 
condition, can control a combustion condition the optimal, and can be controlled in the combustion 
condition which has balanced at the dimension with high low NOx and combustion stability. 
[0002] 

[Description of the Prior Art] There are some to which the gaseous mixture of a thin air- fuel ratio is 
supplied for the purpose of reduction of fuel consumption in the internal combustion engine carried 
in a car. Thus, the internal combustion engine to which the gaseous mixture of a thin air-fuel ratio is 
supplied can lessen the amount of NOx by which it is discharged that an air- fuel ratio is high (thin), 
as shown in drawing 10 . Therefore, if it carries out from reducing the discharge of NOx, as for the 
internal combustion engine to which the gaseous mixture of a thin air-fuel ratio is supplied, it is 
desirable to make the air-fuel ratio of gaseous mixture into a rarefaction (Lean) side more, and to 
bum it. 

[0003] As a Prior art which controls gaseous mixture to a thin air- fuel ratio for the purpose of 
reduction of such fuel consumption and an NOx discharge, the cylinder internal pressure sensor 
which detects the pressure of a combustion chamber directly is formed, and there are some which 
carry out feedback control of the air- fuel ratio with the cylinder internal pressure which this sensor 
detects. Moreover, as a Prior art controlled to a thin air-fuel ratio, a RIN mix sensor detects a thin 
air-fuel ratio, and there are some which are controlled to become a target thin air- fuel ratio. 
[0004] However, rarefaction side stable combustion limits (RIN limit) exist in a thin air-fuel ratio. 
For this reason, an internal combustion engine has the problem which cannot acquire the stable 
combustion condition, when the gaseous mixture of the thin air-fuel ratio beyond such rarefaction 
side stable combustion limits is supplied. 

[0005] Then, in order to reconcile low NOx and stabilization flammability conventionally, it is 
controlling to become a thin air- fuel ratio by the side of few **** (rich) from rarefaction side stable 
combustion limits. 

[0006] Moreover, the discharge of NOx can be decreased, so that it makes ignition timing a lag side. 
However, combustion will become unstable if an internal combustion engine makes ignition timing a 
lag side not much. As a Prior art which aims at combustion stability, there are some which are 
indicated by JP,63-97873,A by controlling ignition timing. 

[0007] The technique indicated by this official report by calculating ignition timing based on the 
cylinder internal pressure of whenever [ two crank angle / before continuing till the ignition timing in 
a compression stroke ], and generating an ignition signal based on this result of an operation The 
ignition timing in the low-load-driving region where the residual-gas rate in cylinders, such as idle 
operation, affects flammability can be controlled at the optimal ignition timing, the stability of 
combustion is acquired, and reduction of fuel consumption and an exhaust air injurious ingredient is 
achieved. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, since rarefaction side stable combustion 
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limits (RIN limit) exist as shown in drawing 10 in burning a thin air- fuel ratio, it is controlling to set 
a target thin air-fuel ratio to a few **** (rich) side, and to become this target thin air- fuel ratio from 
rarefaction side stable combustion limits. 

[0009] thus, the air- fuel ratio of the rarefaction side stable combustion limits as which having 
prepared allowances width of face between rarefaction side stable combustion limits and a target thin 
air- fuel ratio is determined with the magnitude of combustion fluctuation — an internal combustion 
engines service condition, and dispersion and a fuel — it is for preventing that produce a gap in 
response to the effect of dispersion in change and the sensor of description etc., consequently an air- 
fuel ratio reaches rarefaction side stable combustion limits, and stable combustion is spoiled. 
[0010] For this reason, rather than the critical capacity value which the internal combustion engine to 
which a thin air-fuel ratio is supplied should demonstrate essentially, the discharge of the rate of said 
allowances width of face of NOx having increased, and having un-arranged [ which increases fuel 
consumption ], since the fixed allowances width of face between rarefaction side stable combustion 
limits and a target thin air- fuel ratio was conventionally prepared in consideration of said gap. 
[001 1] That is, since the thin air-fuel ratio of dark ** would be supplied only for the rate of 
allowances width of face by the rarefaction side stable combustion limits which are limitations of the 
capacity which this internal combustion engine has, the discharge of the rate of allowances width of 
face of NOx increased in the internal combustion engine to which the gaseous mixture of a thin air- 
fuel ratio is supplied, and there was un-arranging [ which increases fuel consumption ] in him. 
[0012] 

[Means for Solving the Problem] Then, in order that this invention may remove un-[ above- 
mentioned ] arranging, the crank angle sensor which detects the angle of rotation of an internal 
combustion engine's crankshaft is formed. Form the cylinder internal pressure sensor which detects 
the pressure of said internal combustion engine's combustion chamber, and a combustion initiation 
stage and a combustion period are computed based on the detecting signal of said crank angle sensor 
and a cylinder internal pressure sensor, respectively. It is characterized by establishing the control 
means which controls ignition timing and fuel oil consumption so that these combustion initiation 
stage and a combustion period turn into a target combustion initiation stage and a target combustion 
period, respectively. Moreover, the crank angle sensor which detects the angle of rotation of an 
internal combustion engine's crankshaft is formed. Form the cylinder internal pressure sensor which 
detects the pressure of said internal combustion engine's combustion chamber, and each [ at least / at 
the 2 times ] combustion rate in a compression stroke is computed based on the detecting signal of 
said crank angle sensor and a cylinder internal pressure sensor, respectively. It is characterized by 
establishing the control means which controls ignition timing and fuel oil consumption so that each 
[ these ] combustion rate turns into a target combustion rate, respectively. 
[0013] ^ > 

[Function] According to the configuration of this invention, a control means computes a combustion 
initiation stage and a combustion period based on the detecting signal of a crank angle sensor and a 
cylinder internal pressure sensor, respectively. By controlling ignition timing and fuel oil 
consumption so that these combustion initiation stage and a combustion period turn into a target 
combustion initiation stage and a target combustion period, respectively Moreover, based on the 
detecting signal of a crank angle sensor and a cylinder internal pressure sensor, each [ at least / at the 
2 times ] combustion rate in a compression stroke is computed, respectively. By controlling ignition 
timing and fuel oil consumption so that each [ these ] combustion rate turns into a target combustion 
rate, respectively Direct detection of an internal combustion engine's combustion condition can be 
carried out, and a combustion condition can be controlled the optimal. Moreover, by carrying out 
direct detection of an internal combustion engine's combustion condition, and controlling it, 
correspondence relation with rarefaction side stable combustion limits can be made good, and 
further, by the ability making good correspondence relation with rarefaction side stable combustion 
limits, a target thin air-fiiel ratio can be close brought according to rarefaction side stable combustion 
limits, and can be set up. 
[0014] 

[Example] Based on a drawing, the example of this invention is explained to a detail below. Drawing 
1 - drawing 9 show the example of the combustion state control equipment by this invention. 
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drawing 9 — setting — 2 — an internal combustion engine and 4 — a cylinder block and 6 — the 
cylinder head and 8 — a piston and 10 — a connecting rod and 12 — for a combustion chamber and 
18, as for an exhaust air port and 22, a suction port and 20 are [ a cylinder and 14 / a crankshaft and 
16 / em inlet valve and 24 ] exhaust valves. 

[0015] Said internal combustion engine 2 attaches an inlet pipe 26 and an exhaust pipe 28 in the 
cylinder head 6, and is opening the inhalation-of-air path 30 and the flueway 32 for free passage in 
the suction port 18 and the exhaust air port 20. While forming the inhalation-of-air throttle valve 34, 
the fuel injection valve 36 is formed in the inhalation-of-air path 30 of an inlet pipe 26. Moreover, 
the internal combustion engine 2 has attached the ignition plug 38 in the cylinder head 6. In addition, 
a sign 40 is an ignition coil. 

[0016] This internal combustion engine 2 has formed combustion state control equipment 42. 
Combustion state control equipment 42 formed the MAP sensor 44 which detects the pressure of the 
inhalation-of-air path 30, formed the crank angle sensor 46 which detects the angle of rotation of a 
crankshaft 14, and has formed the cylinder internal pressure sensor 48 which detects the pressure of 
a combustion chamber 16. In addition, in this example, the plug seat golden type cylinder internal 
pressure sensor 48 was formed, and it has attached in the cylinder head 6 with the ignition plug 38. 
[0017] Said MAP sensor 44 and crank angle sensor 46, and the cylinder internal pressure sensor 48 
are connected to the control means slack control section 50 of combustion state control equipment 
42. While said fuel injection valve 36 is connected, said ignition plug 38 is connected to this control 
section 50 through the ignition coil 40. 

[0018] By the detecting signal of the crank angle sensor 46 and the cylinder internal pressure sensor 
48, said combustion state control equipment 42 controls ignition timing and fuel oil consumption by 
the control section 50 so that an internal combustion engine's 2 combustion condition becomes the 
optimal. 

[0019] In the 1st invention, to be shown in drawing 1 - drawing 4 , based on the detecting signal of 
the crank angle sensor 46 and the cylinder internal pressure sensor 48, a combustion initiation stage 
and a combustion period are computed, respectively, and ignition timing and fuel oil consumption 
are controlled by the control section 50 so that these combustion initiation stage and a combustion 
period turn into a target combustion initiation stage and a target combustion period, respectively. 
[0020] As it is indicated in drawing 2 as said combustion initiation stage and a combustion period, it 
considers as 10% combustion crank angle (crank angle when 10% of combustion is completed), and 
the crank angle from 10% combustion crank angle to 90% combustion crank angle (crank angle 
when 90% of combustion is completed), respectively. The target combustion initiation stage to said 
combustion initiation stage is the value of the combustion initiation stage to draw the maximum of 
the engine torque in the combustion period at that time, as shown in drawing 3 . In addition, 
depending on [ crank angle / combustion ] a setup of an internal combustion engine 2, only 5 degrees 
-10 degrees of values of this target combustion initiation stage can be set to a lag side said 10%. 
Moreover, the target combustion period over said combustion period is the value of the combustion 
period in front of rarefaction side stable combustion limits (RIN limit), as shown in drawing 4 . 
[0021] Next, an operation of the 1st invention is explained. 

[0022] A control section 50 computes ignition timing and fuel oil consumption based on the 
detecting signal inputted from the MAP sensor 44 and the crank angle sensor 46, and it makes a fuel 
to output an ignition signal and a fuel-injection signal to an ignition coil 38 and a fuel injection valve 
36 based on the computed value, and inject from a fuel injection valve 36 while carrying out a 
leaping flame to an ignition plug 36. 

[0023] Moreover, a control section 50 computes a combustion initiation stage and a combustion 
period, respectively based on the detecting signal inputted from the crank angle sensor 46 and the 
cylinder internal pressure sensor 48, and it controls ignition timing and fuel oil consumption so that 
these combustion initiation stage and a combustion period turn into a target combustion initiation 
stage and a target combustion period, respectively. 

[0024] If control starts as a control section 50 is shown in drawing 1 , when it explains in full detail 
(step 100), the detecting signal of a MAP and a crank angle will be inputted from the MAP sensor 44 
and the crank angle sensor 46 (step 102), and map count (step 104) of ignition timing and fuel oil 
consumption will be carried out based on these detecting signals. This is the same as that of map 
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count of the ignition timing in the usual internal combustion engine 2, and fuel oil consumption. It is 
the map count ignition timing (BTDCdegree) obtained by map count alpha 1 It carries out and is 
map count fuel oil consumption Ql It carries out. 

[0025] Subsequently, a control section 50 calculates a target combustion initiation stage and a target 
combustion period from map data (step 106). It is betam about the obtained target combustion 
initiation stage (BTDCdegree). It carries out and is gammam about a target combustion period. It 
carries out. 

[0026] A control section 50 is said map count ignition timing alpha 1. And map count fuel oil 
consumption Ql Amendment (step 108) of ignition timing and fuel oil consumption is performed. 
Amendment of ignition timing is alpha=alpha 1+alphah. It carries out. Here, it is alphah. It is the 
amount of ignition timing feedback amendments. Q=Q1 xKqh performs amendment of fuel oil 
consumption. Here, Kqh is a fuel-oil-consumption feedback correction factor. Moreover, alphah And 
Kqh replaces data as alphah0=alphah and KqhO =Kqh. 

[0027] A control section 50 outputs an ignition signal and a fuel-injection signal to an ignition coil 
40 and a fuel injection valve 36 (step 1 10), and it makes a fuel inject from a fuel injection valve 36 
based on said calculated value while carrying out a leaping flame to an ignition plug 38. 
[0028] Moreover, a control section 50 computes a combustion initiation stage and a combustion 
period, respectively, and it controls ignition timing and fuel oil consumption so that these 
combustion initiation stage and a combustion period turn into a target combustion initiation stage 
and a target combustion period, respectively. 

[0029] Said control section 50 performs count with a combustion initiation stage and a combustion 
period, and the amount of amendments. Count of a combustion initiation stage and a combustion 
period inputs a detecting signal from the crank angle sensor 46 and the cylinder internal pressure 
sensor 48 (step 1 12), and calculates an actual combustion initiation stage (10% combustion crank 
angle) and a combustion period (crank angle from 1 0% combustion to 90% combustion) based on 
these signals (step 1 14). It is betas about the measurement combustion initiation stage (BTDCdegree) 
to be the obtained actual combustion initiation stage. It is gammas about the measurement 
combustion period which it carries out and is an actual combustion period. It carries out. 
[0030] Based on the difference of the desired value (betam and gammam) and measured value (betas 
and gammas) which were obtained by said count, the amount of ignition timing amendments and a 
fuel-oil-consumption correction factor are corrected (step 116). Correction of the amount of ignition 
timing amendments is made by alphah l=alphah0+Kt x (betam+betas). Here, it is Kt. It is a multiplier 
used as 0 <=Kt <=1. Moreover, correction of a fuel-oil-consumption correction factor is 
Kqh=Kqh0+Kq x (gammas/gammam). Here, it is Kq. It is a multiplier used as 0 <=Kq <=1. 
[003 1] Said amount of ignition timing amendments is corrected again (step 118). By change of a 
fuel-oil-consumption correction factor, this is for a combustion initiation stage to move and corrects 
this part that moved. Correction of this amount of ignition timing amendments for the second time is 
made by alphah =alphahl-Kqtx (gammas/gammam). Here, Kqt is a multiplier used as 0 <=Kqt<=l. 
[0032] After correction returns to map count of ignition timing and fuel oil consumption (step 120). 
[0033] Thereby, feedback control of a combustion initiation stage and the combustion period is 
carried out so that a target combustion initiation stage and a target combustion period may come. 
[0034] Thus, by controlling ignition timing and fuel oil consumption so that the combustion 
initiation stage and combustion period which are computed based on the detecting signal of the crank 
angle sensor 46 and the cylinder internal pressure sensor 48, respectively turn into a target 
combustion initiation stage and a target combustion period, respectively, this combustion state 
control equipment 42 can carry out direct detection of an internal combustion engine's 2 combustion 
condition, and can control a combustion condition the optimal. For this reason, it is controllable in 
the combustion condition which has balanced at the dimension with high low NOx and combustion 
stability. 

[0035] Moreover, combustion state control equipment 42 can make good correspondence relation 
with rarefaction side stable combustion limits by carrying out direct detection of an internal 
combustion engine's 2 combustion condition, and controlling it. for this reason, an internal 
combustion engine's 2 service condition, and dispersion and a fuel — effect of dispersion in change 
and the sensor of description etc. can be made hard to be influenced, and allowances width of face of 
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rarefaction side stable combustion limits and a target thin air-fuel ratio can be made smaller. 
[0036] Furthermore, by the ability making good correspondence relation with rarefaction side stable 
combustion limits, a target thin air-fuel ratio can be close brought according to rarefaction side stable 
combustion limits, and combustion state control equipment 42 can set it up. For this reason, a near 
thin air-fuel ratio can be supplied according to the rarefaction side stable combustion limits which 
are limitations of the capacity which the internal combustion engine 2 to which the gaseous mixture 
of a thin air-fuel ratio is supplied has, and the further reduction of fuel consumption and an NOx 
discharge can be achieved. 

[0037] In addition, since this invention can control a combustion condition the optimal, it can be 
applied not only to control of the combustion condition of the internal combustion engine 2 to which 
the gaseous mixture of a rarefaction side air- fuel ratio is supplied but to the combustion control 
under the operation situation which the combustion unstable states at the time of - knocking etc. tend 
to generate at the time of - transient operating range at the time of the cold machine of the internal 
combustion engine to which the gaseous mixture of the usual air-fuel ratio is supplied, and idle 
operation, and is advantageous practically. 

[0038] Moreover, in this example, although the combustion initiation stage was explained as a 
combustion crank angle 10%, it is not limited to this numeric value. A combustion initiation stage 
can be set as the proper value of a combustion crank angle for example, a combustion crank angle - 
50% 0%. Furthermore, it can be set as a proper value 90% from 10% combustion of a combustion 
period about the value of the crank angle 10 to combustion as well as a combustion initiation stage. 
[0039] Drawing 5 - drawing 8 show the example of the 2nd invention of combustion state control 
equipment 42. Since the configuration of the combustion state control equipment 42 in this 2nd 
invention is the same as that of drawing 9 explained in the 1st invention, it quotes and explains the 
same sign while it omits explanation of a configuration. 

[0040] In the 2nd invention, based on the detecting signal of the crank angle sensor 46 and the 
cylinder internal pressure sensor 48, each [ at least / at the 2 times ] combustion rate in a 
compression stroke is computed, respectively, and ignition timing and fuel oil consumption are 
controlled by the control section 50 so that each [ these ] combustion rate turns into a target 
combustion rate, respectively. 

[0041] As said combustion rate, as shown in drawing 6 , the cylinder internal pressure in the crank 
angle at the 4 time at the -d time (they are BTDC30 degree, BTDC0 degree, ATDC30 degree, and 
ATDC60" to a compression top dead center) is measured at the -c time at the -b time at the a time of 
arbitration, and the value which is equivalent to each combustion rate at the -c time at the b time of 
these is computed, for example. At these b time, the value of each combustion rate at the -c time 
carries out feedback control of ignition timing and the fuel oil consumption so that it may become a 
target combustion rate, respectively. 

[0042] It considers as the value which a combustion condition produces in rarefaction side stable 
combustion limits as a value of each target combustion rate at the -c time at said b time. As it is 
indicated in drawing 6 and drawing 7 as each [ these ] target combustion rate, it is in the condition 
which has balanced at the dimension with high low NOx and combustion stability. The combustion 
condition in rarefaction side stable combustion limits is made to reproduce by setting to this 2nd 
invention and making the value of each combustion rate at the -c time in agreement with the value of 
each target combustion rate at the b time, respectively. 

[0043] Here, the formula in the case of calculating the value of each combustion rate at the 2 time at 
the -c time at the b time of these is explained from the cylinder internal pressure at the said a time - d 
time. 

[0044] The combustion rate UbS at the b time becomes UbS=(Pb xvbn-Pa xvan)/(Pd xvdn-Pa xvan). 
The combustion rate UcS at the c time becomes UcS=(Pc xvcn-Pa xvan)/(Pd xvdn-Pa xvan). 
[0045] volume-of-combustion-chamber vc[ in here / at the Pa :b time ] : Volume of combustion 
chamber n at the volume-of-combustion-chamber vd :d time at the c time: Polytropic index : 
Cylinder internal pressure Pb at the a time : Cylinder internal pressure Pc at the b time : Cylinder 
internal pressure Pd at the c time : Cylinder internal pressure va at the d time : Volume of 
combustion chamber vb at the a time (about 1.3) 

It comes out. However, the combustion rate at the a time is made into 0%, and the combustion rate at 
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the d time is assumed to be 100%. 

[0046] Supplementary information of said formula is carried out by drawing 8 . a time - d time — 
polytropic change — vb up to — each [ at the time of making it change ] pressure P at the time is 
considered. 

a time -> Pab=Pa x(va/vb) nb time -> Pbb=Pb x(vb/vb) nc time -> Pcb=Pc x(vc/vb) nd time -> 
Pdb=Pd x(vd/vb) n [0047] When it thinks that the difference of Pab-Pbb-Pcb-Pdb at this time ****s 
to the difference of the amount of combustion, the amount Gab of combustion at the b time from a 
time The amount Gac of combustion at the c time from a Gab=PbbxPab=Pb N (vb/vb)-Pa Na (va/vb) 
time The amount Gad of combustion at the d time serves as Gad=PdbxPab=Pd N (vd/vb)-Pa N 
(va/vb) from a Gac=PcbxPab=Pc N (vc/vb)-Pa Na (va/vb) time. 

[0048] If the combustion rate at the a time is made into 0% and the combustion rate at the d time is 
assumed to be 100%, the combustion rate UbS at the b time will serve as UbS=Gab/Gad, and the 
combustion rate UcS at the c time will serve as UcS=Gac/Gad. 

[0049] Therefore, the combustion rate UbS at the b time becomes UbS=(Pb xvbn-Pa xvan)/(Pd 
xvdn-Pa xvan) like the above. The combustion rate UcS at the c time becomes UcS=(Pc xvcn-Pa 
xvan)/(Pd xvd</SUB>n-Pa xvan). 

[0050] Next, an operation of the 2nd invention is explained. 

[0051] A control section 50 computes ignition timing and fuel oil consumption based on the 
detecting signal inputted from the MAP sensor 44 and the crank angle sensor 46, and it makes a fuel 
to output an ignition signal and a fuel-injection signal to an ignition coil 38 and a fuel injection valve 
36 based on the computed value, and inject from a fuel injection valve 36 while carrying out a 
leaping flame to an ignition plug 38. 

[0052] Moreover, based on the detecting signal inputted from the crank angle sensor 46 and the 
cylinder internal pressure sensor 48, a control section 50 computes each [ at least / at the 2 times ] 
combustion rate in a compression stroke, respectively, and it controls ignition timing and fuel oil 
consumption so that each [ these ] combustion rate turns into a target combustion rate, respectively. 
[0053] If control starts as a control section 50 is shown in drawing 5 , when it explains in full detail 
(step 200), the detecting signal of a MAP and a crank angle will be inputted from the MAP sensor 44 
and the crank angle sensor 46 (step 202), and map count (step 204) of ignition timing and fuel oil 
consumption will be carried out based on these detecting signals. This is the same as that of map 
count of the ignition timing in the usual internal combustion engine 2, and fuel oil consumption. It is 
the map count ignition timing (BTDCdegree) obtained by map count alpha 1 It carries out and is 
map count fuel oil consumption Ql It carries out. 

[0054] Subsequently, a control section 50 measures the cylinder internal pressure at the a time - d 
time, and calculates the value of each combustion rate at the 2 time at the -c time from map data at 
the b time of these (step 206). The target combustion rate at the obtained b time is set to Ubm, and 
the target combustion rate at the c time is set to Ucm. 

[0055] A control section 50 is said map count ignition timing alpha 1. And map count fuel oil 
consumption Ql Amendment (step 208) of ignition timing and fuel oil consumption is performed. 
Amendment of ignition timing is alpha=alpha 1+alphah. It carries out. Here, it is alphah. It is the 
amount of ignition timing feedback amendments. Q=Q1 xKqh performs amendment of fuel oil 
consumption. Here, Kqh is a fuel-oil-consumption feedback correction factor. Moreover, alphah And 
Kqh replaces data as alphah0=alphah and KqhO =Kqh. 

[0056] A control section 50 outputs an ignition signal and a fuel- injection signal to an ignition coil 

40 and a fuel injection valve 36 (step 210), and it makes a fuel inject from a fuel injection valve 36 

based on said calculated value while carrying out a leaping flame to an ignition plug 38. 

[0057] Moreover, a control section 50 computes each combustion rate at the 2 time at the -c time, 

respectively at the b time, and it controls ignition timing and fuel oil consumption so that each 

[ these ] combustion rate turns into a target combustion rate, respectively. 

[0058] Said control section 50 performs count with a combustion rate and the amount of 

amendments. Count of a combustion rate inputs a detecting signal from the crank angle sensor 46 

and the cylinder internal pressure sensor 48 (step 212), and calculates each actual combustion rate at 

the -c time based on these signals at the b time (step 214). The measurement combustion rate which 

is an actual combustion rate at the obtained b time is set to Ubs, and the measurement combustion 
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rate at the c time is set to Ucs. 

[0059] Based on the difference of the desired value (Ubm, Ucm) and measured value (Ubs, Ucs) 
which were obtained by said count, the amount of ignition timing amendments and a fiiel-oil- 
consumption correction factor are corrected (step 216). Correction of the amount of ignition timing 
amendments is made by alphah =alphahO+Kbtx(Ubm-Ubs)+Kctx (Ucm-Ucs). Here, Kbt is a 
multiplier used as Kbt>=0. Kct is a multiplier used as Kct<=0. Moreover, correction of a fuel-oil- 
consumption correction factor is made by Kqh=KqhO+Kbqx(Ubm-Ubs)+Kcqx (Ucm-Ucs). Here, 
Kbq is a multiplier used as Kbq<=0. Kcq is a multiplier used as Kcq>=0. 

[0060] After correction returns to map count of ignition timing and fuel oil consumption (step 218). 
[0061] Thus, combustion state-control equipment 42 compares the target combustion gestalt line 
described by the combustion gestalt line and each target combustion rate described by each 
combustion rate at the -c time at the b time, judges the stage of a combustion starting position, and 
the slowness and fastness of the rate of combustion, and as shown in drawing 6 R>6 and drawing 7 , 
it carries out the feedback control of ignition timing and the fuel oil consumption (air- fuel ratio) so 
that a combustion gestalt line is in agreement with a target combustion gestalt line. 
[0062] To be shown in drawing 6 , when the stage of a combustion starting position is later than a 
target, it controls to speed up ignition timing. When the stage of a combustion starting position is 
quicker than a target, it controls to delay ignition timing. Moreover, to be shown in drawing 7 , when 
the rate of combustion is quicker than a target, the quantity of fuel oil consumption is decreased, an 
air- fuel ratio is Lean-ized, and it controls to make the rate of combustion late. When the rate of 
combustion is slower than a target, the quantity of fuel oil consumption is increased, an air-fuel ratio 
is made rich, and it controls to make the rate of combustion quick. 

[0063] The combustion gestalt line described by each combustion rate at the -c time at the b time can 
control by the slowness and fastness of this ignition timing, and control of the change in fuel oil 
consumption in agreement with the target combustion gestalt line described by each target 
combustion rate. 

[0064] Thereby, at the b time, feedback control of each combustion rate at the -c time is carried out 
so that it may become each target combustion rate. As it is indicated in drawing 6 and drawing 7 as 
each [ these ] target combustion rate, it is in the condition which has balanced at the dimension with 
high low NOx and combustion stability. Therefore, the combustion condition stabilized in low NOx 
can be acquired by carrying out feedback control so that each combustion rate at the -c time may turn 
into each target combustion rate at the b time. 

[0065] Thus, the combustion state control equipment 42 of this 2nd invention can do so the same 
effectiveness as said 1st invention by being based on the detecting signal of the crank angle sensor 
46 and the cylinder internal pressure sensor 48, computing each combustion rate at the 2 time at the - 
c time, respectively at Jthe b time, and controlling ignition timing and fuel oil consumption so that 
each [ these ] combustion rate turns into a target combustion rate, respectively. That is, direct 
detection of an internal combustion engine's 2 combustion condition can be carried out, and a 
combustion condition can be controlled the optimal. For this reason, it is controllable in the 
combustion condition which has balanced at the dimension with high low NOx and combustion 
stability. 

[0066] Moreover, combustion state control equipment 42 can make good correspondence relation 
with rarefaction side stable combustion limits by carrying out direct detection of an internal 
combustion engine's 2 combustion condition, and controlling it. for this reason, an internal 
combustion engine's 2 service condition, and dispersion and a fuel — effect of dispersion in change 
and the sensor of description etc. can be made hard to be influenced, and allowances width of face of 
rarefaction side stable combustion limits and a target thin air-fuel ratio can be made smaller. 
[0067] Furthermore, by the ability making good correspondence relation with rarefaction side stable 
combustion limits, a target thin air-fuel ratio can be close brought according to rarefaction side stable 
combustion limits, and combustion state control equipment 42 can set it up. For this reason, a near 
thin air-fuel ratio can be supplied according to the rarefaction side stable combustion limits which 
are limitations of the capacity which the internal combustion engine to which the gaseous mixture of 
a thin air- fuel ratio is supplied has, and the further reduction of fuel consumption and an NOx 
discharge can be achieved. 
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[0068] In addition, since this invention can control a combustion condition the optimal, the 
combustion unstable states at the time of* knocking etc. occur at the time of - transient operating 
range at the time of the cold machine of the internal combustion engine to which the gaseous mixture 
of not only control of the combustion condition of the internal combustion engine 2 to which the 
gaseous mixture of a rarefaction side air- fuel ratio is supplied but the usual air- fuel ratio is supplied, 
and idle operation, and it can be applied also to the combustion control under a cheap operation 
situation, and is advantageous practically. 
[0069]. 

[Effect of the Invention] Thus, according to this invention, combustion state control equipment can 
carry out direct detection of an internal combustion engine's combustion condition, and can control a 
combustion condition the optimal. For this reason, it is controllable in the combustion condition 
which has balanced at the dimension with high low NOx and combustion stability. 
[0070] Moreover, combustion state control equipment can make good correspondence relation with 
rarefaction side stable combustion limits by carrying out direct detection of an internal combustion 
engine's combustion condition, and controlling it. for this reason, an internal combustion engine's 
service condition, and dispersion and a fuel — effect of dispersion in change and the sensor of 
description etc. can be made hard to be influenced, and allowances width of face of rarefaction side 
stable combustion limits and a target thin air- fuel ratio can be made smaller. 

[0071] Furthermore, by the ability making good correspondence relation with rarefaction side stable 
combustion limits, a target thin air- fuel ratio can be close brought according to rarefaction side stable 
combustion limits, and combustion state control equipment can set it up. For this reason, a near thin 
air- fuel ratio can be supplied according to the rarefaction side stable combustion limits which are 
limitations of the capacity which the internal combustion engine to which the gaseous mixture of a 
thin air- fuel ratio is supplied has, and the further reduction of fuel consumption and an NOx 
discharge can be achieved. 

[0072] In addition, since this invention can control a combustion condition the optimal, the 
combustion unstable states at the time of - knocking etc. occur at the time of - transient operating 
range at the time of the cold machine of the internal combustion engine to which the gaseous mixture 
of not only control of the combustion condition of the internal combustion engine to which the 
gaseous mixture of a rarefaction side air-fuel ratio is supplied but the usual air- fuel ratio is supplied, 
and idle operation, and it can be applied also to the combustion control under a cheap operation 
situation, and is advantageous practically. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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V b V<3 V* ~~~~ y- 



a Pab = Pa x (lr a /u b ) n 

b — Pbb = Pb x (Vb/i/ b ) n 

c — P cb = Pc x (V e /Vb) n 

d — Pdb = PdX (Vd/Vb) n 

c©<t$0Pab. Pbb, Pcb., Pdb ammtitMomcmfc 

aiVbb«I: Gab =Pbb -Pab =Pb (Vb/Vb ) n -Pa (2^a/Vb) n 
a^bC(DiM: Gac =Pcb -Pab =Pc (Vc/Vb ) n ~Pa (Va/Vb) n 
a*%6d©«!ltt* : Gad =Pdb -Pab =Pd (Vd/Vb) n -Pa (Va/Vb) n 

bjS0>»tt»&: Ubs = Gab /Gad 

Cto^tlJ^: Ucs = Gac /Gad 
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(57)Abstract: 

PURPOSE: To control the combustion of an internal combustion engine 
in a combustion condition where low NOx and combustion stability are 
balanced at a high level by calculating combustion start timing and 
combustion period based on the detected signal of a sensor, and 
controlling the ignition timing and fuel infection amount so that the 
combustion start timing and the combustion period meet their target. 
CONSTITUTION: This combustion controller is provided with a crank 
angle sensor 46 which detects the rotational angle of a crankshaft 14 in 
an internal combustion engine 2, and an in-cylinder pressure sensor 48 
which detects the pressure of a combustion chamber 16 in the internal 
combustion engine 2. A control part 50 calculates combustion start 
timing and combustion period based on the detected signals of the crank 
angle sensor 46 and the in-cylinder pressure sensor 48, and controls 
ignition timing and fuel injection amount so that the combustion start 
timing and the combustion period meet their targets respectively. It is 
thus possible to control the combustion of an internal combustion 
engine in a combustion condition where low NOx and combustion 
stability are balanced at a high level. 
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[0 0 4 9] ckoT. «TEo«I<. b»j«fc*5^J!e»fe 
M^UbStt* UbS= (Pb Xvb'-P, xv.-) / (P 
i Xvr-P, Xv,') tUZ. cRr^fc^Jt^jRftffl 
-&UcS«, UcS= (Pc Xvc'-P, Xv.") / (Pi 
Xvd a -P. Xv,') 

[0050] w&2smv»m*mrr*. 

[0 0 5 1] ffiff«B5 OR*, ®i$J&tl±>V4 4L?<7 
4 6 *h^SA*T*«ffl«-9**K:jft^clf9 

[0 0 5 2] MmB5 0MU * ^>££-fe>-iJ-4 

[0 0 5 3] i^ni, M«S5 0ll 0 5 Kl7K-r*D 

ihbwx*-— h (xfy^2oo) -r*£> KMJEE 

^•fe>-tl-4 4t^^>^^>+h4 6 LfrZy&fmtUk 

zf?^>?ft<Dmmm^&Aj3 UT-^202) u, 

fhgt (X^iy7 r 2 0 4) €-r^<, iltlH S«<Ortj^t8 

^-e*^. T y ^KTS 6 n&T y ^IW MB ffl 
(BTD C" ) &al ^y7mn%m'&Mm*Q 

1 it-r^o 

[0 0 5 4] ^ViT, OTS5 0H aP^-dP^C 
*JtS«rt£E**»«U cn^C03^<Db^- 

»S (X^u/^2 0 6) T^o ^etlfeb^fC^^S 

[0055] ^W5on tum^^^mn^x^ma 
so 1 rixv y «»«»aQi tccfc 0 mwm 
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9 

*KEtt, a = al + ah KiDfr?. £C1T, ah tt, 

lEte, Q = Q1 XKqh^ctOff^o CCT, Kqhte, & 
W«gSltfi7^-HAy^ffiiE«aT^^o ahR 
tfKqhte, ahO=ah, KqhO =KqhtUT, 

co o 5 6] mmms o\t. mmmMt<tiitm&&\z. 

»#3 6 \zmti (777^2 1 0) U &<X77lT3 8 10 
[0 0 5 7] $ffl)g&5 Ote, bftjS • c«rjft©2 

ttA£*tf*&attM££*4*Biu tn&fttttttf 

[oo58] .memMBE on. ^fn^t^jEgtco 
wastry. aaa^atwi*. ^5>m>*4 6 

<h^^JE^ir>it4 8 t^St(WHfi^«rA* (Xfy^ 
2 12) U cn&OA9£XfiCbf«jft- cPSj&fcfcW- # 
*aaa6*ttftl£&«* (Xf^2 14) r«. # 
&nfcb»jft(c«(t«^OJBttM«Tft«9ie^M 

[0 0 5 9] ffiffi»Wte«fcD»&nfcB»B (Ubm, U 
cm) £M5£te (Ubs, Ucs) iOH^aic, j&kMBtt 

jEmRzsmnmmmmjEmsc^mjE uf»^2 1 6) 

t5o j«*»W*lJE«0*iEtt, ah = ah0+Kbtx 
(Ubm-Ubs) + KctX (Ucm-Ucs) \Z&t)ft5. £ 
CT, KbtWU Kbt£0t&*«R-T?*<5. Kct«, K ,30 

«iE», Kqh=KqhO + KbqX (Ubm-Ubs) + KcqX 
(Ucm-Ucs) lC<fcDfr5. Kbqte, Kbq^O 

Kcqtt, Kcq2rO<h£:S«£fcT& 

So 

[0 0 6 0] 4WE«MU jfl[^JB»«JI8»*««©^y 
VZJrv?2 18). 

[0 0 6 1] COiSR:, «Sfc#ffiS»fflSa4 2WU H 
6 ■ 0 7l:^t^<, bWwS- cftMic*H-£ftaft 
W*te«fcD»a3ft*«*#a«£*Ba«*«^fcJ: 4? 

B0*M&aaaa0Xa£*a*U WWIflb»(§ 
[0 0 6 2] 0 6JC^T»<, tt&M»ffiB0l«JH#*B 



(6) ^?7-4 2 6 0 7 

10 

Bfta£*SBB«!:Dfeat)a«tt« WWtt 

*M«LT9iit*>jyfftu aaaa*a<T« 

[0 0 6 3] 

sn*BBaa»aafc-Hfrr*,fc5fc, wt*j:t 

[0 0 6 4] JinJciD, bP9j&- cl$j£fc*m**« 
ttfttett, * B aaaWfr loft* J: 5 JC!7 ^ — Yn v ^ 

mwanz. zLti*>&m&mmm&t\*. 0 6 -mic 

^^S#j»ttiy^*Bgj!8ffiiRl^fc^Sci:3 - 

[006 5] zcd&oiz, z.<om2m\<»mmmmm 

^g4 2H ^^>^^*fe>"tr4 6Xtmi*}£E*ir>t7 

4 8©afflfi-*fcS^€rbff?j& • cB*o)2iSAi:fttf 

*ftttttM<fr&**ff(uu cn&ftjnRt(«^^B 
ss&sssi^fcfcs i a iz&ikftm&ifmnmmm&Mm 
-rz>zt\z&r) x MmmiftW£mme>®$k*m?z>z. 

T, Btt«B&*a&M*T« 

fr>«att«&£aOT«C£OTftS. 
[0 0 6 6] «S«fe*S8a«ISH4.2tt, 

**. Mii2 0l^^«50f 

■»T, #WB&SBttR*£BB**^tt;2:0*tt^ 
[0 0 6 7] «8*fe«ffifel«Sg4 214, ft&M 

BSS^jBlt^SWft^JKSfeKIILJck DHtWTK 

[0 0 6 8] r(D^«, jBjft«J8**SfC*I« 

n*rt«aa2©««ttttc!>«a©*ft6r, a*oa 
■ttcDa«A*M»sn«naaao9Miw^7^ ha 
xca* »««Ea«M • y y*>^**©a»^*ft 

[0 0 6 9] 

ffi^sa^ AttaaoattttaftaaauLT. a 
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[0 0 7 0] *&. iS8^ttBB^ffllS©tt, AJRttMatt 

coo7i] «tt«aBfflfflsett, *»flas& 

[0 0 7 2] C©5M!tt, jUWWft*a£Mfl 

m i ] ft&®m<D&mvtmmm&w<Dm i a^oDH* 

M^^iHIVPflD 7 n — * — h 

[S3] &mmt&mMii®Mh)vz£\zj:z>mm&mM 30 

[04] (a) - (c) ttNOx»ttft£:ttttSft£tt 

[02] 




TDC AT0C 



1 ^ffi¥7-4 26 07 

(b) tt«j»WratjBft*»tfc<fc*»»fflftffijBttIH 

k (c) »sttifc&jBi«nn&«Dn««»r^^^> 
[05] nmnoKtt«»«mKB®iB2»nom 

[06] ^5>^«<h««&SI^ < i:<DSjS8tt:tc<fcSggiB 

[073 ^7>^ft<tj»j»a'&a:0^c»SB{CJ:*BS 

[0 8] «ftffi*»b**tP-V«HT*«, 

[0 9] rt«S«ii©«tt«fi8iH»*SO«lie«/a0TS 

[010] (a) - (c) tttfefeCDNOxifma^JB** 

>^*-k (c) «aKtt^sttnm^«>Hff«» 

2 WjBS«g| 
14 

16 SK$g 

3 0 
3 2 

34 &HU&t)# 
3 6 

3 8 M4Cf?9 

4 0 ^ika>f )V 

42 

4 4 ®f(JE^-tr>1t 
4 6 tr?>l7ft±i>V 

4 8 f§ftffi*ir># 

5 0 ffiffffi 

[03] 




ATDC — J TDC — BTDC 
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(8) 



[01] 



[04] 



1 00 



t 



OIK Ql it* 

i 



3 m, i"m ft# 



I 



(K v Q itl 



I 



mitt x-h 
1 



ps. rs iti? 



I 



CthK Kqhffg 



I 



1 02 



1 04 



•1 06 



-1 08 



1 1 0. 



-1 1 2 



-1 1 4 



-1 1 6 



rth if* 



-1 1 8 



(b) 



(c) 




A/F 



[07] 



too 

B 

4? S©4 




[06] 



rao 



' SO " 




/7 A/F. y->ys„ hfcys&pj-;/ 

A/F : U—y'J c ? kDA/F 

A/f : y->y*v H:y y»*4A/F 



bed 



—84— 



(9) 



-42607 



[BJ5] 



[09] 



, v—200 



Aft 

l 



L_ 202 



rtls Ql it* 

I 



Ubnu Ucm St* 



I 



204 



206 



CU Q It* 
1 



1 — 208 



t 



jglrtff a Aft 

I 



Ubs, Ucs fl* 



I 



21 0 



-21 2 



-21 4 



(Ih, Kqh U* 



21 6 




(<i) 



(b) 



(c) 



mi o] 




A/F 
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(10) 



#RW7-4 2 6 0 7 



[08] 




Pa X (TTa/Ub)" 
Pb X (Vb/l/b) n 
Pc X (Vc/Ub) n 
PdX (Vd/Vb)" 

Pcb , Pdb 0>&WBttft0>£lCffi£ 



a — - Pab = 

b — Pbb = 
c -» Pcb = 
d — Pdb = 
C(D£^0)Pab ^ Pbb . 

afr£>b<D)&8tm. : Gab =Pbb -Pab =Pb {Vb/Vb ) n -Pa 
afr6c£>$BIS: Gac =Pcb -Pab = Pc (Vc/Vb)?-Pa 
a2)\e>d(Dft*j££ : Gad =Pdb -Pab =Pd (Vd/Vb) n -Pa 



Ubs 

Ucs 



= Gab /Gad 
— Gac /Gad 



( V a /Vb f 
(Va/Vb) n 
(Va/Vb) n 



(51) Int. CI. « 

F 0 2 D 43/00 

F 0 2 P 5/152 
5A53 



3 0 1 B 
H 



F I 



